
SPECIFICATION 
OPTICAL MODULE, OPTICAL TRANSCEIVER, AND OPTICAL 
JOINT SLEEVE 
Technical Field 

5 [0001] The present invention relates to an optical module, an optical 

transceiver, and an optical joint sleeve. 
Background Art 

[0002] Fig. 10 shows an optical module 201 including a transmitting 
portion 202 and a receiving portion 203 (e.g., reference is made to 

10 Patent Document 1). In this optical module 201, the transmitting 

portion 202 generates a digital optical signal, and this optical signal is 
outputted to an optical fiber 205. The optical module 201 receives a 
digital optical signal. This optical signal is reflected by an optical 
element 204 and the reflected light signal is incident to the light 

15 receiving portion 203. This optical module 201 is able to transmit and 

receive digital optical signals. 

Patent Document 1 : Japanese Patent Application Laid-Open No. 10- 
93133 

Disclosure of the Invention 

20 Problem to be Solved by the Invention 

[0003] In recent years, there are needs for an optical transceiver capable 
of transmitting and receiving digital optical signals, and further 
receiving another optical signal, such as, a video signal for CATVs. 
But, the optical module 201 is unable to receive an additional optical 

25 signal other than the light signal that the receiving portion 203 receives 

because the optical module 201 includes only one transmitting portion 
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and one receiving portion. Optical modules are required to receive 
multiple optical signals. 

[0004] It is, therefore, an object of the present invention to provide an 
optical module and an optical transceiver capable of receiving a plurality 
of optical signals in addition to transmission of another optical signal, 
and to provide an optical joint sleeve for these optical module and 
optical transceiver. 
Means for Solving the Problem 

[0005] An optical module according to the present invention comprises: 
a first optical element for reflecting an optical signal of a first 
wavelength component and transmitting an optical signal of second and 
third wavelength components; a first light receiving subassembly, 
optically coupled to the first optical element, provided to receive the 
optical signal of the first wavelength component; a second optical 
element for reflecting the optical signal of the second wavelength 
component and transmitting the optical signal of the third wavelength 
component; a second light receiving subassembly, optically coupled to 
the second optical element, provided to receive the optical signal of the 
second wavelength component; a light emitting subassembly, optically 
coupled to the second optical element, provided to generate the optical 
signal of the third wavelength component; and a light transmitting part 
optically coupled to the first optical element. The light emitting 
subassembly, the first optical element, the second optical element, and 
the first light receiving subassembly are arranged along a predetermined 
plane, and the light emitting subassembly, the first optical element, the 
second optical element, and the second light receiving subassembly are 
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arranged along another predetermined plane intersecting at a 
predetermined angle with said predetermined plane. 
[0006] In this optical module, the light emitting subassembly generates 
an optical signal and the generated optical signal is outputted to the light 
transmitting part. An optical signal from the light transmitting part is 
fed to the first light receiving subassembly and to the second light 
receiving subassembly. The optical module enables reception of 
multiple optical signals in addition to transmission of an optical signal. 
[0007] In the optical module according to the present invention, the 
second wavelength may be between the first wavelength and the third 
wavelength. 

[0008] First, when certain wavelengths As, At and the first, second, and 
third wavelength components are in the following relationship: 
the first wavelength component > As > the second wavelength 
component > At > the third wavelength component, 
the first optical element may be arranged to have such an optical 
characteristic as to reflect light of a wavelength component longer than 
the wavelength As and to transmit light of a wavelength component 
shorter than the wavelength As, and the second optical element may be 
arranged to have such an optical characteristic as to reflect light in a 
wavelength component longer than the wavelength At and to transmit 
light of a wavelength component shorter than the wavelength As. 
[0009] Next, when the certain wavelengths As, At and the first, second, 
and third wavelength components are in the following relationship: 
first wavelength component < As < second wavelength component < At 
< third wavelength component, 
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the first optical element may be arranged to have such an optical 
characteristic as to reflect light of a wavelength component shorter than 
the wavelength As and to transmit light of a wavelength components 
longer than the wavelength As, and the second optical element may be 
arranged to have such an optical characteristic as to reflect light in a 
shorter wavelength region than the wavelength At and to transmit light in 
a longer wavelength region than the wavelength As. According to the 
above optical module, the optical characteristics of the first and second 
optical elements may have spectra in which the reflectance and 
transmittance significantly vary at the associated boundary wavelength 
values As, At. Therefore, it becomes easier to produce the first and 
second optical elements. 

[0010] The optical module according to the present invention may 
further comprise a third optical element provided between the first 
optical element and the first light receiving subassembly and having an 
optical characteristic to transmit the optical signal of the first 
wavelength component and to intercept the optical signal of the second 
and third wavelength components. 

[001 1] In the above optical module, if the optical signal of the second 
and third wavelength components is incident to the first light receiving 
subassembly, noise will be generated in the first subassembly. The 
third optical element can reduce the noise in the first light receiving 
subassembly. 

[0012] The optical module according to the present invention further 
comprises a fourth optical element provided between the second optical 
element and the second light receiving subassembly and having an 
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optical characteristic to transmit the optical signal of the second 
wavelength component and to intercept the optical signal of the first and 
third wavelength components. 

[0013] In the above optical module, if the optical signal of the first and 
5 third wavelength components is incident to the second light receiving 

subassembly, noise will be generated in the second subassembly. The 
fourth optical element can reduce the noise in the second light receiving 
subassembly. 

[0014] In the optical module according to the present invention, the 
1 0 light transmitting component has an optical fiber, the light emitting 

subassembly has a semiconductor laser, and each of the first and second 
light receiving subassemblies has a photodiode. 

[0015] In the optical module according to the present invention, the first 
wavelength component is 1 .54 |im or more and 1 .65 jam or less; the 

1 5 second wavelength component is 1 .47 jjm or more and 1 .50 |om or less; 

the third wavelength component is 1.26 jam or more and 1.38 |im or less. 
[0016] An optical joint sleeve according to the present invention 
comprises: one end portion, another end portion, and a side wall portion 
which are arranged along a predetermined axis. The side wall portion 

20 has a side face extending in a direction of the predetermined axis and the 

side face is provided to permit light to pass through from one of the one 
end portion and the other end portion to the other. The optical joint 
sleeve further comprises a first mount surface extending along a first 
axis intersecting with the predetermined axis and provided for mounting 

25 a first optical element thereon; and a second mount surface extending 

along a second axis intersecting with the predetermined axis and 
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provided for mounting a second optical element thereon. A first plane 
defined by the first axis and the predetermined axis intersects with a 
second plane defined by the second axis and the predetermined axis. 
[0017] In the optical joint sleeve, the first and second optical elements 
5 are positioned on the optical joint sleeve by use of the first and second 

mount surfaces, respectively. By using the optical joint sleeve, 
therefore, it becomes easier to assemble the optical module. 
[0018] In the optical joint sleeve according to the present invention, the 
side wall portion includes a first support positioned relative to the first 
10 mount surface and the first support is provided for supporting the first 

light receiving subassembly, and the side wall portion includes a second 
support positioned relative to the second mount surface and the second 
support is provided for supporting the second light receiving 
subassembly. 

1 5 [0019] With this optical joint sleeve, the first and second light receiving 

subassemblies are positioned on the optical joint sleeve by use of the 
first and second support, respectively. By using the optical joint 
sleeve, therefore, it becomes easier to assemble the optical module. 
[0020] The optical module of the present invention may further 

20 comprise an optical joint sleeve. The light transmitting part is provided 

at the one end portion of the optical joint sleeve, the light emitting 
subassembly is provided at the other end portion, the first optical 
element is mounted on the first mount surface, the second optical 
element is mounted on the second mount surface, and the optical joint 

25 sleeve holds the first light receiving subassembly and the second light 

receiving subassembly. 
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[0021] In the optical module according to the present invention, the side 
wall portion of the joint sleeve includes a first support positioned 
relative to the first mount surface and provided for supporting the first 
light receiving subassembly. The side wall portion of the joint sleeve 
5 further includes a second support positioned relative to the second 

mount surface and provided for supporting the second light receiving 
subassembly. The first light receiving subassembly is provided on the 
first support of the side wall portion. The first light receiving 
subassembly is positioned relative to the first optical element. The 

10 second light receiving subassembly is positioned relative to the second 

optical element. The light emitting subassembly is provided at the end 
portion of the joint sleeve, and the light emitting subassembly is 
positioned relative to the second optical element. 
[0022] In the optical module, the optical joint sleeve permits the 

1 5 positioning of the first and second light receiving subassemblies on the 

first and second mount surfaces, respectively. 

[0023] The optical module according to the present invention, the light 
transmitting part is provided at the other end portion of the joint sleeve 
and the light transmitting part is positioned relative to the first optical 
20 element. 

[0024] The optical joint sleeve permits the positioning of the light 
transmitting part to the first optical element. 

[0025] In the optical module according to the present invention, the first 
optical element, the second optical element, and the light emitting 
25 subassembly are arranged along the predetermined axis by means of the 

joint sleeve. According to this optical module, the optical joint sleeve 
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enables the aforementioned arrangement of the first optical element, the 
second optical element, and the light emitting subassembly. 
[0026] An optical transceiver according to the present invention 
comprises: the optical module in any one of the above-described 
configurations; a first substrate electrically connected to the first light 
receiving subassembly; and a second substrate electrically connected to 
the light emitting subassembly and to the second light receiving 
subassembly, and extending along the other predetermined plane. 
[0027] In the above optical transceiver, a circuit element for processing 
an electric signal associated with the first light receiving subassembly 
can be provided on the first substrate. A circuit element for processing 
electric signals associated with the light emitting subassembly and the 
second light receiving subassembly can be provided on the second 
substrate. 

[0028] In the optical transceiver according to the present invention, the 
first light receiving subassembly receives a video signal light and the 
second light receiving subassembly receives a digital modulated signal 
light. 

[0029] In the optical transceiver according to the present invention, the 
first light receiving subassembly receives an analog modulated signal 
light, and the second light receiving subassembly receives a digital 
modulated signal light. 

[0030] The optical transceiver according to the present invention, the 
first substrate mounts the second substrate thereon, and the second 
substrate and the optical module are provided along the other 
predetermined plane. 
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[003 1] The optical transceiver according to the present invention further 
comprises: a first electronic device mounted on the first substrate and 
provided to process a video signal from the first light receiving 
subassembly; and a second electronic device mounted on the second 
substrate and provided to process a digital modulated signal from the 
second light receiving subassembly. 

[0032] The optical transceiver according to the present invention further 
comprises: a processing circuit mounted on the first substrate and 
provided to process an analog modulated signal from the first light 
receiving subassembly; and a processing circuit mounted on the second 
substrate and provided to process a digital modulated signal from the 
second light receiving subassembly. 
Effect of the Invention 

[0033] The present invention provides the optical module enabling the 
reception of multiple optical signals in addition to the transmission of 
the optical signal, and also provides the optical transceiver, and the 
optical joint sleeve for these optical module and optical transceiver. 
Brief Description of the Drawings 

[0034] Fig. 1 shows a perspective view of an optical module. 

Fig. 2 is a sectional view showing the optical module taken 
along line I-I. 

Fig. 3 is a sectional view showing the optical module taken 
along line II-II. 

Fig. 4 is a perspective view showing an optical joint sleeve. 

Fig. 5 includes area (a) showing a plan view of one end of the 
optical joint sleeve, area (b) showing a sectional view of the optical joint 
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sleeve taken along line III-III, and area (c) showing a sectional view of 
the optical joint sleeve taken along line IV-IV. 

Fig. 6 is an exploded perspective view of the optical joint sleeve 
mounting first to fourth optical elements. 

Fig. 7 includes area (a) showing a plan view of one end of the 
optical joint sleeve, area (b) showing a sectional view of the optical joint 
sleeve taken along line V-V, and area (c) showing a sectional view of the 
optical joint sleeve taken along line VI- VI. 

Fig. 8 includes area (a) showing a sectional view of the optical 
module taken along line I-I, and area (b) showing a sectional view of the 
optical module taken along line II-IL 

Fig. 9 shows a perspective view of an optical transceiver. 

Fig. 10 is a drawing showing a conventional optical module with 
a transmitting portion and a receiving portion. 
Description of Reference Symbols 

[0035] 1 • • optical module; 3 • • light transmitting part; 5 • • optical joint 
sleeve; 5s- • - first mount surface; 5t- ■ second mount surface; 5u- • third 
mount surface; 5v - fourth mount surface; 6c- - side wall portion; 101 — 
optical transceiver; 1 03 • • ■ first substrate; 1 05 • * • second substrate; A, A 1 , 
and A2 - • axes; CI and C2 - • grooves; Fl • • first optical element; F2 - - ■ 
second optical element; F3 • • third optical element; F4- • fourth optical 
element; D25 - - light emitting element; LD3 • ■ - light emitting 
subassembly; P45 and Q45 • ■ light receiving elements; P53 and Q53 • ■ • 
lenses; PD1 ■ -first light receiving subassembly; PD2- • second light 
receiving subassembly; SI - plane; S2- • plane. 
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Best Mode for Carrying out the Invention 

[0036] Embodiments of the present invention will be described below. 
When possible, parts identical to each other will be referred to with 
reference symbols identical to each other. 

[0037] An optical module 1 according to an embodiment of the present 
invention will be described with reference to Figs. 1, 2, and 3. Fig. 1 is 
a perspective view showing the optical module 1 . Fig. 2 is a sectional 
view of the optical module 1 taken along line I-I in Fig. 1 . Fig. 3 is a 
sectional view of the optical module 1 taken along line II-II in Fig. 1 . 
[0038] The optical module 1 comprises a light emitting subassembly 
LD3, a first optical element Fl, a second optical element F2, a third 
optical element F3, a fourth optical element F4, and a first light 
receiving subassembly PD1 . As shown in Figs. 1 and 2, a light 
transmitting part 3, the light emitting subassembly LD3, the first optical 
element Fl, the second optical element F2, the third optical element F3, 
and the first light receiving subassembly PD1 are arranged along a 
reference plane SI . The optical module 1 further comprises a second 
light receiving subassembly PD2. As shown in Figs. 1 and 3, the light 
transmitting part 3, a light emitting subassembly LD3, a first optical 
element Fl, a second optical element F2, a fourth optical element F4, 
and a second light receiving subassembly PD2 are arranged along a 
reference plane S2. These planes SI and S2 intersect with each other 
at a predetermined angle on an axis A. Each of the planes S 1 and S2 is 
divided into two parts by the axis A. With reference to Fig. 1 , symbol 
"0" indicates the angle between the plane SI (intersecting with the first 
light receiving subassembly PD1) and the plane S2 (intersecting with 
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the second light receiving subassembly PD2). The angle "0" can be in 
the range of 0 degree or more and 180 degrees or less, for example, and 
the angle "0" is set, for example, at 90 degrees. 
[0039] The light transmitting part 3, first optical element Fl, second 
optical element F2, and light emitting subassembly LD3 are arranged 
sequentially along the axis A. The axis A corresponds to a straight line 
on which the plane SI and plane S2 intersect with each other. The 
light transmitting part 3 is optically coupled to the first optical element 
Fl . The first optical element Fl is optically coupled to the second 
optical element F2. The second optical element F2 is optically coupled 
to the light emitting subassembly LD3. The first optical element Fl is 
optically coupled to the first light receiving subassembly PD1, and the 
second optical element F2 is optically coupled to the second light 
receiving subassembly PD2. 

[0040] The third optical element F3 is provided between the first optical 
element Fl and the first light receiving subassembly PD1 . The first 
optical element Fl is optically coupled to the third optical element F3, 
and the third optical element F3 is optically coupled to the first light 
receiving subassembly PD1 . The fourth optical element F4 is provided 
between the second optical element F2 and the second light receiving 
subassembly PD2. The second optical element F2 is optically coupled 
to the fourth optical element F4, and the fourth optical element F4 is 
optically coupled to the second light receiving subassembly PD2. 
[0041] An incident optical signal LI containing wavelength 
components X\ and X 2 is sent toward the first optical element Fl from an 
end face 3 a of the light transmitting part 3. The light transmitting part 
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3 receives light L2 from the first optical element Fl at the end face 3 a 
and transmits the received light L2. The light transmitting part 3 is a 
device including an optical fiber 4 and a ferrule 7, for example. The 
ferrule 7 holds the optical fiber 4. A sleeve 9 is disposed outside the 
ferrule 7 and holds the ferrule 7. 

[0042] As shown in Figs. 2 and 3, the light emitting subassembly LD3 
has a stem D21, a pole D23, a light emitting element D25, a monitor 
light receiving element D27, a CAN cap D29, and a lens D33. The 
pole D23 is provided on the stem D21 . The CAN cap D29 holds the 
lens D33. The light emitting element D25 is mounted on a side face of 
the pole D23. A semiconductor laser, for example, can be used for the 
light emitting element D25. Light L3 from the front end face of the 
light emitting element D25 is incident to the lens D33. The light L3 
passes through the lens D33 and is converted by the lens D33 to light 
L4, and the second optical element F2 receives the light L4. The CAN 
cap D29 and stem D21 form a cavity D35, and the pole D23, light 
emitting element D25, and monitor light receiving element D27 are 
located in the cavity D35. The monitor light receiving element D27 
receives light from the rear end face of the light emitting element D25 in 
order to monitor an operating condition of the light emitting element 
D25. 

[0043] The first light receiving subassembly PD1 has a stem P41, a 
submount P43, a light receiving element P45, a CAN cap P49, and a 
lens P53. The light receiving element P45 is mounted on the submount 
P43, and the submount P43 is provided on the stem P41 . A 
photodiode, for example, can be used for the light receiving element 
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P45. The light receiving element P45 has a light receiving surface for 
receiving light from the lens P53. The CAN cap P49 and stem P41 
form a cavity P55. The submount P43 and light receiving element P45 
are provided in the cavity P55. The CAN cap P49 holds the lens P53. 
The lens P53 receives light L5 from the first optical element Fl . The 
light L5 passes through the lens P53 and the lens P53 converts the light 
L5 to L6, and the light receiving element P45 receives the light L6. 
[0044] The second light receiving subassembly PD2 has a stem Q41, a 
submount Q43, a light receiving element Q45, a CAN cap Q49, and a 
lens Q53. The light receiving element Q45 is mounted on the 
submount Q43, and the submount Q43 is provided on the stem Q41. 
A photodiode, for example, is used for the light receiving element Q45. 
The light receiving element Q45 has a light receiving surface for 
receiving light from the lens Q53. The CAN cap Q49 and stem Q41 
form a cavity Q55. The submount Q43 and the light receiving element 
Q45 are located in the cavity Q55. The CAN cap Q49 holds the lens 
Q53. The lens Q53 receives light L7 from the second optical element 
F2. The light L7 passes through the lens Q53 and the lens Q53 
converts the light L7 to L8, and the light receiving element Q45 receives 
the light L8. 

[0045] The first optical element Fl has a filter characteristic to reflect 
light of wavelength component X } and to transmit light of wavelength 
components X 2 and X 3 . For example, when a certain wavelength X n is 
between the wavelength components X\ and \ 2 , then the first optical 
element Fl has an optical spectrum to reflect light of a wavelength 
component not less than the wavelength \ u and to transmit light of a 
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wavelength component less than the wavelength \ n - The first optical 
element Fl can be, for example, a WDM filter. 
[0046] The second optical element F2 has a filter characteristic to 
reflect light of the wavelength component X 2 and to transmit light of the 
wavelength component X 3 . For example, when a certain wavelength 
X 2 3 is between the wavelength components X 2 and X 3 , then the second 
optical element F2 has an optical spectrum to reflect light of a 
wavelength component not less than the wavelength X 23 and to transmit 
light of a wavelength component less than the wavelength X 23 . WDM 
filters, for example, can be used for the second optical element F2. 
Since the light of the wavelength component X\ is not incident to the 
second optical element F2, the optical characteristic of the second 
optical element F2 does not relate to transmission and reflection of the 
light of the wavelength component X\. 

[0047] The third optical element F3 has a filter characteristic to transmit 
the light of the wavelength component X x and to reflect or absorb the 
light of the wavelength components X 2 and A, 3 . For example, the third 
optical element F3 has an optical spectrum to transmit light of a 
wavelength component not less than the wavelength X n and to reflect or 
absorb light of a wavelength component less than the wavelength A,i 2 . 
WDM filters, for example, can be used for the third optical element F3. 
[0048] The fourth optical element F4 has a filter characteristic to 
transmit the light of the wavelength component X 2 and to reflect or 
absorb the light beams of the wavelength components X x and X 3 . For 
example, the fourth optical element F4 has an optical spectrum to reflect 
or absorb light of a wavelength component less than the wavelength X 23 , 
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to transmit light of a wavelength component not less than the 
wavelength \ 2 3, and less than the wavelength A, 12 , and to reflect or absorb 
light of a wavelength component not less than the wavelength X\ 2 . 
WDM filters, for example, can be used for the fourth optical element F4. 
[0049] The optical joint sleeve 5 will be described with reference to Fig. 
4 and areas (a) to (c) of Fig. 5. Fig. 4 is a perspective view of the 
optical joint sleeve 5. Area (a) of Fig. 5 is a plan view showing one 
end of the optical joint sleeve 5. Area (b) of Fig. 5 is a sectional view 
of the optical joint sleeve 5 taken along line III-III. Area (c) of Fig. 5 
is a sectional view of the optical joint sleeve 5 taken along line IV-IV. 
[0050] The optical joint sleeve 5 has one end portion 6a, another end 
portion 6b, and a side wall portion 6c, and the one end portion 6a, 
another end portion 6b, and side wall portion 6c are arranged along an 
axis AO. The side wall portion 6c has an inside surface 6d extending 
along the axis AO so as to permit light to pass through between the one 
end portion 6a and another end portion 6b. The optical joint sleeve 5 
has a first mount surface 5 s for mounting the first optical element Fl 
thereon and a second mount surface 5t for mounting the second optical 
element F2 thereon. The first mount surface 5 s is inclined relative to 
the axis AO and extends along an axis Al intersecting with the axis AO. 
The second mount surface 5t is inclined relative to the axis AO and 
extends along an axis A2 intersecting with the axis A. The first mount 
surface 5 s constitutes a bottom surface of groove CI extending along the 
axis Al . The second mount surface 5t constitutes a bottom surface of 
groove C2 extending along the axis A2. The groove CI is shallower 
than the groove C2. A plane defined by the axis AO and the axis Al 
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corresponds to the plane SI (shown in Fig. 1), and a plane defined by 
the axis AO and the axis A2 corresponds to the plane S2 (shown in Fig. 
1). The plane SI and plane S2 can be arranged so that they intersect 
with each other at the angle 9 on the axis AO, as described above, when 
the optical joint sleeve 5 is disposed in the optical module. The axis 
AO and the axis Al intersect with each other at an angle of al . The 
angle al is in the range of 25 to 60 degrees and the angle al is, for 
example, 48 degrees. The axis AO and the axis A2 intersect at an angle 
of a2. The angle a2 is in the range of 25 to 60 degrees and a2 is, for 
example, the angle of 45 degrees. An intersection point of the axis A2 
with the axis AO is located at a position different from an intersection of 
the axis Al with the axis AO. 

[005 1] The optical joint sleeve 5 has a third mount surface 5u for 
mounting the third optical element F3 thereon, and a fourth mount 
surface 5v for mounting the fourth optical element F4 thereon. The 
third mount surface 5u constitutes a bottom surface of a reception 
portion 5p for receiving the third optical element F3 therein, and the 
fourth mount surface 5v constitutes a bottom surface of a reception 
portion 5q for receiving the fourth optical element F4 therein. The 
third mount surface 5u is provided such that the third optical element F3 
can be mounted between the first optical element Fl and the first light 
receiving subassembly PD1 . The fourth mount surface 5v is provided 
such that the fourth optical element F4 can be mounted between the 
second optical element F2 and the second light receiving subassembly 
PD2. 

[0052] The optical joint sleeve 5 has support surfaces 5b, 5c, 5h, and 5k 
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which support the light transmitting part 3, the light emitting 
subassembly LD3, the first light receiving subassembly PD1, and the 
second light receiving subassembly PD2, respectively. The light 
transmitting part 3 is supported by the support surface 5b and is located 
at one end portion 6a. The light emitting subassembly LD3 is 
supported by the support surface 5c and is located at another end portion 
6b. The first light receiving subassembly PD1 is supported by the 
support surface 5h and is located on the side face of the optical joint 
sleeve 5. The second light receiving subassembly PD2 is supported by 
the support surface 5k and is located on another side face of the optical 
joint sleeve 5. 

[0053] The optical joint sleeve 5 that mounts the first optical element 
Fl, the second optical element F2, the third optical element F3, and the 
fourth optical element F4 thereon will be described with reference to 
Fig. 6 and areas (a) to (c) of Fig. 7. Fig. 6 is an exploded perspective 
view showing the optical joint sleeve 5 that mounts the first optical 
element Fl , the second optical element F2, the third optical element F3, 
and the fourth optical element F4 thereon. Area (a) of Fig. 7 is a plan 
view showing one end of this optical joint sleeve 5. Area (b) of Fig. 7 
is a sectional view showing the optical joint sleeve 5 taken along line V- 
V in area (a) of Fig. 7. Area (c) of Fig. 7 is a sectional view showing 
the optical joint sleeve 5 taken along line VI- VI in area (a) of Fig. 7. 
[0054] The first optical element Fl is provided so as to intersect with 
the axis AO. Since the first optical element F 1 is mounted along the 
first mount surface 5 s, the reflecting surface of the first optical element 
Fl is inclined at the angle al relative to the axis A. The second optical 
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element F2 is provided so as to intersect with the axis A. Since the 
second optical element F2 is located along the second mount surface 5t, 
the reflecting surface of the second optical element F2 is inclined at the 
angle a2 relative to the axis AO. 

[0055] The third optical element F3 is mounted on the third mount 
surface 5u. The third optical element F3 is located between the first 
optical element Fl and the support surface 5h. The fourth optical 
element F4 is mounted on the fourth mount surface 5 v. The fourth 
optical element F4 is located between the second optical element F2 and 
the support surface 5k. 

[0056] Reception/transmission of signal light in the optical module 1 
will be described with reference to areas (a) and (b) of Fig. 8. Area (a) 
of Fig. 8 shows a sectional view of optical module 1 taken along line I-I 
in Fig. 1. Area (b) of Fig. 8 shows a sectional view of optical module 1 
taken along line II-II in Fig. 1 . 

[0057] When an optical signal of the wavelength component X\ is 
transmitted through the light transmitting part 3, the optical signal Bl 1 
of the wavelength component X\ is outputted from the light transmitting 
part 3. The optical signal Bl 1 is incident to the first optical element Fl 
and a part of the incident light is reflected by the first optical element Fl 
and is converted to the optical signal B12. The optical signal B12 is 
transmitted by the third optical element F3 to enter the light receiving 
element P45 of the first light receiving subassembly PD1 . The light 
receiving element P45 converts the received signal light B 12 into an 
electric signal. 

[0058] When an optical signal of the wavelength component X 2 is 



19 



FP04-0 104-00 



transmitted through the light transmitting part 3, the optical signal B21 
of the wavelength component X 2 is outputted from the light transmitting 
part 3. The optical signal B21 is transmitted through the first optical 
element Fl and thereafter is incident to the second optical element F2. 
A part of the optical signal B21 is reflected by the second optical 
element F2 and is converted thereby to an optical signal B22. The 
optical signal B22 is transmitted through the fourth optical element F4 
and thereafter is incident to the light receiving element Q45 of the 
second light receiving subassembly PD2. The light receiving element 
Q45 converts the received optical signal B22 into an electric signal. 
[0059] The light emitting element D25 of the light emitting 
subassembly LD3 emits an optical signal B3 1 of the wavelength 
component X 3 in response to an electric signal. The signal light B3 1 
passes through the second optical element F2 and the first optical 
element Fl and then enters the light transmitting part 3. The light 
transmitting part 3 transmits the optical signal B3 1 . 
[0060] In an example, an optical signal fed to the optical module 1 
includes an analog modulated signal component and a digital modulated 
signal component. The analog modulated signal component has the 
wavelength X\ as a video signal and the digital modulated signal 
component has the wavelength X 2 . The optical signal outputted from 
the optical module 1 is a digital modulated signal of the wavelength A, 3 . 
The relationship, X\ > X 2 > X 3 , holds among the wavelengths X u X 2 , and 
X$. For example, the wavelength X\ is in the range of 1 .54 jam or more 
and 1 .65 jam or less, the wavelength X 2 is in the range of 1 .47 (im or 
more and 1 .50 pm or less, and the wavelength X 3 is in the range of 1 .26 
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Jim or more and 1 .38 fim or less. For example, they are set as X\ = 1 .55 
fim, X 2 = I .49 jim, and X 3 = 1 .3 1 ^m. As described above, the optical 
module 1 receives or transmits the optical signal from or to an external 
device through the light transmitting part 3. 

[0061] Since the optical module 1 is provided with the light emitting 
subassembly LD3 and the two first light receiving subassembly PD1 and 
second light receiving subassembly PD2, it is able to perform reception 
of the optical signal of the wavelength component X 2 , in addition to the 
reception of the optical signal of the wavelength component X\ and the 
transmission of the optical signal of the wavelength component X 3 . 
[0062] In a preferred example, the optical module 1 processes light of a 
wavelength component having the relationship of X\ >X 2 >X 3 . The 
first optical element Fl can be a filter having a filter characteristic to 
reflect light of a wavelength component not less than the wavelength X\ 2 
and to transmit light of a wavelength component less than the 
wavelength X n , and the second optical element F2 can be a filter having 
a filter characteristic to reflect light of a wavelength component not less 
than the wavelength X 23 and to transmit light of a wavelength component 
less than the wavelength X 23 . In another preferred example, the optical 
module 1 processes light of wavelength components having the 
relationship of the wavelengths X\ < X 2 < X 3 . The first optical element 
Fl can be a filter having a filter characteristic to reflect light of a 
wavelength component less than the wavelength X x2 and to transmit light 
of a wavelength component not less than the wavelength X n , and the 
second optical element F2 can be a filter having a filter characteristic to 
reflect light of a wavelength component less than the wavelength X 23 and 
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to transmit light of a wavelength component not less than the 
wavelength X23. 

[0063] In the optical module 1, if the third optical element F3 is located 
between the first optical element Fl and the first light receiving 
subassembly PD1, the light of the wavelength components X 2 and X 3 can 
be prevented from entering the first light receiving subassembly PD1, 
thereby reducing noise in the first light receiving subassembly PD1 . In 
the optical module 1 , if the fourth optical element F4 is located between 
the second optical element F2 and the second light receiving 
subassembly PD2, the light of the wavelength components X\ and X 3 can 
be prevented from entering the second light receiving subassembly PD2, 
thereby reducing noise in the second light receiving subassembly PD2. 
[0064] In the optical module 1, the first optical element Fl and the 
second optical element F2 are positioned through the optical joint sleeve 
5 by means of the first mount surface 5 s and the second mount surface 
5t. Therefore, it becomes easier to assemble the optical module 1 . 
[0065] Subsequently, an optical transceiver 101 according to an 
embodiment of the present invention will be described. Fig. 9 is a 
perspective view of optical transceiver 101 . The optical transceiver 
101 is able to transmit light of, for example, a digital modulated signal 
of the wavelength component X 3 , to receive light of a digital modulated 
signal of the wavelength component X 2 , and to receive light of an analog 
modulated signal of the wavelength component X x . The analog 
modulated signal light can be used, for example, for transmitting a 
CATV video signal. For example, the wavelength component X\ is in 
the range of 1 .54 jxm or more and 1 .65 [xm or less, the wavelength 
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component X 2 is in the range of 1 .47 |nm or more and 1 .50 |um or less, 
and the wavelength component X 3 is in the range of 1 .26 ^im or more 
and 1 .38 [xm or less. For example, they can be set as \ x = 1 .55 ^m, X 2 
= 1 .49 urn, and X 3 = 1.31 |um. 

[0066] The optical transceiver 101 comprises the optical module 1, a 
first substrate 103, and a second substrate 105. The first substrate 103 
mounts the second substrate 105 thereon and one surface of the first 
substrate 103 faces one surface of the second substrate 105. 
Preferably, the first substrate 103 and the second substrate 105 extend 
substantially in parallel with the reference plane S2. A circuit for 
processing an analog modulated signal is provided on the first substrate 
103, and the first substrate 103 is electrically connected to lead pins 
1 03 a of the first light receiving subassembly PD1 . The first substrate 
103 mounts an electronic device 103b thereon for processing an analog 
modulated signal from the first light receiving subassembly PD1. 
[0067] A circuit for processing a digital modulated signal is provided on 
the second substrate 105. The second substrate 105 is electrically 
connected to lead pins 105a of the light emitting subassembly LD3. In 
addition, the second substrate 105 is electrically connected to lead pins 
105b of the second light receiving subassembly PD2. The second 
substrate 105 mounts an electronic device 105c and an electronic device 
105d thereon. The electronic device 105c is provided for processing a 
digital modulated signal from the second light receiving subassembly 
PD2, and the electronic device 105d is provided for providing a 
processed, digital modulated signal to the light emitting subassembly 
LD3. The second substrate 105 is connected through lead terminals 



23 



FP04-0 104-00 



107 to the first substrate 103 and the second substrate 105 is placed 
above the first substrate 103. The second substrate 105 has an opening 
1 09 for receiving the optical module 1 . One edge 1 09a of the opening 
1 09 extends along the bottom surface of the light emitting subassembly 
LD3, and another edge 109b of the opening 109 extends along the 
bottom surface of the light receiving subassembly PD2. The bottom 
face of the light receiving subassembly PD1 faces the surface of the first 
substrate 103. The combination of the two substrates 103, 105 and the 
opening 109 is suitable for the optical module for processing the digital 
modulated signal light and analog modulated signal light. 
[0068] In the optical transceiver 101, the processing circuit for analog 
modulated signal is provided on the first substrate 1 03 . The processing 
circuit for digital modulated signal is provided on the second substrate 
105. Since the two processing circuits can be provided on the separate 
substrates, circuit design flexibility can be greatly increased. Since in 
the optical transceiver 101 the processing circuit for analog modulated 
signal susceptible to noise can be electrically separated from the 
processing circuit for digital modulated signal, high S/N ratios can be 
achieved at each of the circuits. 

[0069] Having described and illustrated the principle of the invention in 
preferred embodiments thereof, it is appreciated by those having skill in 
the art that the invention can be modified in arrangement and detail 
without departing from such principles. We therefore claim all 
modifications and variations coming within the spirit and scope of the 
following claims. 
Industrial Applicability 
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[0070] The present invention successfully provides the optical module 
and optical transceiver capable of transmitting and receiving signals 
through the light transmitting portion and receiving still another signal, 
and the optical joint sleeve for these optical module and optical 
5 transceiver. 
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